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Awind-tunnel investigation has been conducted to determine the 
effects of various wing-fence arrangements upon the longitudinal charac- 
teristics of several wing-fuselage and wing-fuselage-tail combinations 
having sweptback wings with NACA four-digit thickness distributions. 
Tests were made with the wing swept back tie, 45O, and 50° and tith a 
horizontal tail at several tail heights. The tests were conducted through 
an angle-of-attack range at Mach numbers of 0. s65 and 0.25 at a Reynolds 
number of 8 million, and at Mach numbers varying from 0.25 to 0.92 at a 
Reynolds number of 2 mfon. 

The addition of multiple fences to the wings with the tail off elim- 
inated large changes in longitudinal stability up to lift coefficients in 
excess of 1.0 at low speeds, an improvement of as much as 80 percent over 
the values obtained with the fences off. At high subcritical speeds, the 
fences eliminated large changes fn the stability of the wing-fuselage-Ml 
combinations up to l3f-t coefficients of at least 0.80, au improvement of 
as much as 60 percent over the lift coefficients for instability without 
fences. The fences had little effect on the tail contributfon to the 
stability. The fences increased the drag of the wing-fuselage combinations 
moderately at low lift coefficients, but reduced the drag and increased the 
lift-drag ratios at the higher lift coefficients. The Mach numbers for 
drag divergence were increased sUghtly by the fences; however, the corre- 
sponding drag coefficients were higher than those at the divergence Mach 
numbers without fences. 

The effectiveness of the all-movable stabiuzer as a longituafnal 
control was little affected by Mach number. Raiaing the horizontal tail 
above the fuselage center Une as much as 20 percent of the wing semispsn 
had little effect on the tail contribution to stability, but did fncrease 
its effectiveness as a longitudinal control at low values of lift, 
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The aerodynamic characteristics of wings suitable for long-range air- 
planes designed to fly at relatively high subsonic speeds have been the 
subject of an investigation in the Ames IL&foot pressure wind tunnel. A 
series of twisted and cambered tings of relatively high aspect ratio were 
tested with several angles of sweepback and the results are presented in 
reference 1. AU these wings experienced a severe decrement in longitudi- 
nal stability at moderate lift coefficients due to the onset of stalling 
over the outer portions of the span. The results in reference 2 indicate 
that the stability characteristics of such wings could be improved by the 
use of chordwise fences. Therefore, t&e present phase of the investigation 
was directed toward the development of wing fences which would delay stall- 
ing to higher lift coefficients and would possibly eliminate the instabil- 
ity which usually accompanied the stall. The wings of reference 1, with 
NACA four-digit sections perpendicular to the quarter-chord line, were 
tested with sweepback angles of &O", 43', and 50' in combination with a 
fuselage and varioua fence configurations. The fences were systematically 
varied in spanwise position, number, and chordwise extent to establish for 
the various wing-fuselage combinatfons the fence configuration which 
afforded the greatest improvement in stability. 

The wing-fuselage combinations with and without their most satisfac- 
tory fences were then tested with a horizontal tail to deternrLne the 
effects of the wing fences on the tail contribution to stability. The 
angle of incidence and the height of the horizontal tail, which was all- 
movable, were varied for the combination employing wing fences and the 
40' sweptback ting to evaluate the longitudinal characteristics of the con- 
figuration and the control effectiveness of the horizontal tail at each 
height. The effects of varying tafl height on the stability of the con- 
figurations using wing fences and wings with 45O and 50' of sweepback were 
also determined. 

The tests to determine the most satisfactory fence configurations were 
conducted primarily at a Mach number of 0.417 and a Reynolds number of 
approximately 4 miUon. The longitudinal characterititics of the various 
combinations with the best fences were then measured at Mach numbers of 
0.165 and 0.25 at a Reynolds number of 8 tillion and at Mach numbers from 
0.25 to 0.92 at a Reynolds number of 2 million. The lift and pitching 
moment of the isolated horizontal tail were also measured over most of 
these Mach and Reynolds number ranges. 
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a 

at 

aw+f 

aw+f+t 

k 
2 

CD 

CL 

% 

c, 

C 

cr 

ct 

Ct 

b2 aspect ratio, z 

mean-line designation, fraction of chord over which design _ 
load is uniform 

Uft-curve elope of the isolated horizontal tail, per deg 

lift-curve slope of the wing-fuselage combinations, per deg 

lift-curve slope of the ting-fuselage-tail combinations, 
per deg 

wing semispan perpendicular to the plane of symmetry 

drag coefficient, 3 
ss 

lift coefficient, F 

inflection LLft coefficient, lowest positive lift coefficfent 
at which a = 0 10 dCL - 

pitching-moment coefficient about the quarter pofnt of the 
wing mean aerodynsmk chord, pitching moment 

CL= 

localwing chord parallel to the plane of sysunetry ' 

wing root chord 

ting tip chord 

local wing chord perpendicular to the wing sweep axis 
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p/2 
mean aerodynemIc chord, ' 

c2dy 
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section design lift coefficient 

incidence of the horizontal tail with respect to the root 
chord of the wing with 40' of sweepback 

lift-drag ratio 

tail length, longitudinal distance between the quarter potits 
of the mean aerodynamfc chords of the wing and the horfzontal 
tail 

free-stream Mach number 

free-stream dynamic pressure 

Reynolds rnmiber based on the mean aerodynamic chord 

area of eemispan wing 

area of aemispan horizontal tafl 
maxImum thickness of section 

Sttt horizontal-tail volume, sc' 

distance from the Fntereection of the leading edges of the 
wings and the plane of symmetry to the moment center, me&B- 
ured parallel to fuselage center line 

lateral distance from the plane of symmetry 

wing height from the quarter point of the mean aerodynamic 
chord to the fuselage center line, measured in a plane 
parallel to the plane of symmetry 

. 

? 
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. 
a angle of attack, measured with respect to a reference plane 

through-the leaddng edge andthe rootchordof the wing 
l * with 4.0' of sweepback 

ast angle of attack of the isolated horizontal tail 

e effective average downwash angle 

cp angle of twist, the angle between the local wing chord and the 
reference plane through the leading edge snd the'root chord 
of the wing with &Q" of sweepback (positive for washIn and 
measured in planes parallel-to the plane of symmetry) 

fraction of semispan, Y 
b/2 

A . 

q-t qt Q 0 tail efficiency factor (ratio of the lift-curve slope of the 
horizontal tail when mounted on the fuselage in the flow 
field of the wing to the lift-curve slope of the isolated 
horizontal-bail) 

4 x 

div 

f 

r 

t 

W 

angle of sweepback of the line through the quarter-chord 
points of the reference sections 

taper ratio 

Subscripts 

divergence 

fuselage 

wing root 

horizontal tail 

wing 

WDEL 

The wing-fuselage and wing-fuselage-tail comWination8 Investigated 
(ffg. l(a)) employed the twisted and cambered wing of reference lwhich 
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had NACA four-digit thickness distributions. These distributions of 
thickness were combined with an a = 0.8 modified mean line having an 
ideal lift coefficient of 0.4 to form the sections perpendicular to the 
quarter-chord line of the unswept wing panel. The thickness-chord ratfos 
of these sections varied from 14 percent at the root to ll percent at the 
tip. 

r _I- 

P 

-. 

The wing was constructed of solid steel and the surfaces were pol- 
ished smooth. 
bO, 45O, 

Tne angle of sweepback of the wing could be adjusted to 
8nd 50' without changing the longitudinal position of the quarter ., 

pofnt of the mean aerodynamic chords, thus mainttindng constant tail 
length. At 4Oo of sweepback, the wing had an aspect ratio of 7.0; at 45’ 
and 50° of sweepback, the aspect ratio decreased to approximately 6 and 
5, respectively. Twist was introduced by rotating the stresmwise sections 
of the wing at 4Q" of sweepback about the leadIng edge while maintaining 
the projected plan form. The variations of twist and thickness ratio 
along the semispan are shown in figure l(b) for angles of sweepback of 
40°, 45', and 50'. A more complete description of the wing is given in 
reference 1. The wing-fuselage combinations using the wing at the VariOUS 
angles of sweepback are regarded as three individual configurations and 
are referred to herein 8s the 40° combination, the 45’ combination, and 
the 50° combination. 

The fuselage employed for these tests consisted of 8 cylindrical mid- 
section with simple fairings fore and aft. Coordinates of the fuselage are - 
listed in table I. The fuselage had a fineness ratio of J-2.6 and was 
located with respect to the wing so that the upper surface of the wing 
was nearly tangent to the top of the fuselage at the plane of symmetry. l 
(See fig. 2.) The angle of incidence of the wing root with respect to the 
fuselage center line was approximately 3O. The fuselage was constructed 
of aluminum bolted to a heavy steel structural member. 

The model was tested wfth several combinations of streamwise boundary- 
layer fences on the upper surface of the wing at each angle of sweepback. 
The fences were varied in spanwise position, number, and chordwise extent. 
The forward portions of the fences which extended from the lower surface 
around the leading edge of the wing to 0.10 chord and the-rear portion of 
the fences which extended from 0.75 chord to the trailing edge of the wing ] - 
could be removed to effect the change in the chordwise extent of the 
fences. Details of the fences and their locations on the wings are shown 
in figure 2. 

The all-movable horizontal tail had an aspect ratfo of 3.0, a taper 
ratio of 0.5, and 40° of sweepback. The reference sweep line was the line 
jolning the quarter-chord points of the sectfons which were inclined 40° 
to the plane of symmetry. The horizontal tail had no dihedral and its 
incidence axis (53.4 percent of the tail root chord) was not swept. This 
hinge axis was either at the intersection of the fuselage center line and . 
the plane of the wing root chord and leading edge or above this Intersection 



NACA FM A541108 . 7 

as shown in figure l(a), Tail bolume varied from 0.497 for the configu- 
ration tith 4.0' of sweepback to 0.436 for the configuration with 50' of 
sweepback. The tail was constructed of solId steel and the surfaces were 
polished smooth. 

A photograph of the model lllounted in the wind tunnel is shown in 
figure 3. The turntable upon which the model was mounted was directly 
connected to the balance system. Figure 3 also shows the manner in whfch 
roughness was applied on the upper surface of the wing at 0.10 chord with 
a band of 60 grit Carborundum particles. 

CORRECTIONS TO DATA 

The data have been corrected for constriction effects due to the 
presence of the tunnel walls, for tunnel-wall interference originating 
from lift on the model, and for drag tares caused by aerodynamic forces 
on the turntable upon which the model was mounted. The constriction and 
tunnel-wall interference corrections to the data for the tests of the 
isolated horizontal tail were calculated and found to be negugible. 

The dynamic pressures were corrected for constriction effects due to 
the presence of the tunnel walls by the method of reference 3. These 
correctfons and the corresponding corrected &ch numbers are listed in 
the following table: 

Corrected 
Elach number 

0.165 
-5 
.60 

:E 
:2 

.88 
090 
. 

Uncorrected 
Mach number 

0.165 
:Z 

-696 -793 
:& 

.866 
,883 
-8% 

9corrected 
%ncorrected 

1.002 
1.003 
1.006 

1.007 1.010 
1.012 
1.015 
1.017 
1.020 
1.024 

Corrections far the effects of tunnel-wall interference originating 
from the lift on the model were calculated by the method of reference 4. 
The corrections to the angle of attack and to the drag coefficient showed 
insignificant variations with Mach number and wing sweepback. The cor- 
rections added to the data were as follows: 
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ACD = o.o0662 cL2 
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The correction to the pitching-moment coefficient was relatively 
unaffected by changes In the angle of wing sweepback; however, this cor- 
rectfon had significant variations with Mach rnmiber. The folloting cor- 
rections were added to the pitching-moment coefficients: 

ACm(tail off) = 'l%ail off 

ACm(tail on) = KlCLt8i1 Off - 

The values of HI and K2 for each Mach number were calculated by the 
method of reference 4 and are given Fn the following table: 

M KI Kp 
0.165 0.0025 0.72 

-25 -0027 -72 

.60 .o038 
187: .0043 .004g 

:;: 
l 79 

-83 l WTO .80 

:z 
l oe3 .83 
.oO54 .84 

-90 .m56 .86 
-92 -0057 -88 

Since the turntable upon which the model was mounted was directly 
connected to the balance system, a tare correction to drag was necessary. 
This correction was determined by measuring the drag force on the tUrIIt8ble 
with the model removed from the wind tunnel. 

TESTS 

The tig-fuselage and wing-fuselage-tail combinations were investf- 
gated with the wing swept back 40°, 45O, and 50°. Tests were conducted at 
a Mach number of 0.417 and a Reynolds number-of approximately 4 million of 
the wing-fuselage combinations without fences and with various fence 
arrangements to determine the most satisfactory fence configuration for 
each wing-fuselage combination. The longitudinal characteristics of the 
wing-fuselage and wing-fuselage-horizontal-tail combfn8tions were then . 

I 
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measured with the best fences at Mach numbers of O.l65 and 0.25 at a 
Reynolds number of 8 million and at Mach numLjers from 0.25 to 0.92 at a 
Reynolds number of 2 million. The angle of incidence and the height of 
the all-movable horizontal tail were varied for the 40' combination. 
Tests were also conducted tith various tail heights on the 45O and 50' 
wing-fuselage combinations. A limited number of tests were made tith the 
wing fences removed from the wing-fuselage-tail combinations and the lift 
and pitching-moment characteristics of the isolated horizontal tail were 
also determined. 

RESULTS 

Results of tests to determine the most satisfactory fence configu- 
ration for each of the wing-fuselage combinations are presented in 
figures 4 through l6. Figures 17 through 21 show the results of tests 
of each wing-fuselage combination with its most satisfactory fences. Sum- 
mary plots showing the effects of Mach number on the inflection lift coef- 
ficients C 

Lf 
, the slopes of the lift ctnd pitching-moment curves, and the 

drag coeffic ents of the wing-fuselage combinations with and without 
fences are presented in figures 22, 23, and 24, respectively. Figures 25 
through 27 compare the effects of Reynolds number on the ting-fuselage 
combinations with and without fences. The effects of applYme; surface 
roughness on the wings are shown in figures 28, 29, and 30. 

The effects of the most satisfactory tin@; fences on the longitudinal 
characteristics of the various combinations with 8 horizontal tail are 
shown in figures 31 to 34. Figures 35 to 37 show the effects of Mach nuut- 
ber on the inflection lift coefficients, the slopes of the Uft and 
pitching-moment curves, and the drag coefficients of the wing-fuselage- 
tail combinations with and without fences. The longitudinal character- 
istics of the &I0 combination with its best fences and a horizontal tail 
8-t sever81 heights end angles of incidence are presented in figures 38 
through 41. The lift and pitching-ment characteristics of the isolated 
horizontal tail are shown in figure 42. Figure 43 shows the variation 
with angle of 8ttaCk of the factors affecting the stability contribution 
of the horizontal tail of the &Q" combination. The variations with Mach 
number of the lift-curve slope of the isolated horizontal tail, the tail- 
effectiveness parameter &&it, and the factors affecting the stability 
contribution of the horizontal tail are shown in figures 44 to 46. The 
effects of varying tail height on the lift and pitching-moment chsracter- 
istics of the 45' and 50' wing-fuselage-tail combinatfons are shown in 
figures 47 and 48, and the effect of the horizontal tail on longitudinal 
characteristics of these combinations are shown in figures 49, 50, and 51 
for a range of Mach numbers. 
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The design and location of the boundary-layer fences were based on 
the flow studies shown in reference 1 and the results of the fence inves- 
tigation reported in reference 2. The fences were designed to act as 
physical barriers to prevent the spanwise flow of t-hey boundary-layer air‘ 
indicated by the flow studies. Tests to determine the most satisfactory 
fences were conducted with the tail off since the results in reference 5 
indicated that reductions in longitudinal stability~with increasing lift 
for a comparable configuration were primarily due to changes in the static 
longitudinal stability of the wing-fuselage combination. -- 

Figures 4 through l6 show, mostly at a Mach number of 0.417, the 
effects of varying the number of fences, the.spanwise location of the 
fences, and the chordwise extent of the fences on the longitudinal charac- 
teristics of the wing-fuselage combinations. The effect of the fences on 
the inflection lift coefficients 1 (fig. 22) of the various wing-fuselage 
combinations was more a function of the number than of the chordwise 
extent of the fences. The inflection lift coefficients of the wing- 
fuselage combinations were increased only slightly by the addition of sin- 
gle fences (figs. 4, 9, and 13). The largest inflection lift coefficients 
for the three wing-fuselage conibinations were with multiple fences on the 
wings. Four fences provided the most satisfactory stability character- 
istics for the 40° and 45' combinations (figs. 7 and ll), whereas the 
largest improvements in stability for the 50' combination were with three 
fences (figs. 14 and 15). 

. 

P 

Varying the chordwise extent of the fences on the 40' combination did 
not significantly change the effectiveness of the-fetices (fig. 8). T9xi.s 
was anticipated, since the flow studies reported in reference 1 indicated 
that separation on thewings usually started behind the forward end 
(0.10 chord) of the partial-chord fence. Siightly~higher maximum lift 
coefficients were generally attained with the fences which-extended 
around the leading edge; however, the inflection lift coefficients were 

llkflection lift coefficient is defined herein as the lift coeffi- 
cient at which the slope of the pitching-moment curve equaled 0.10. This 
value was selected because the fuselage was so destabilizing that, even in 
the absence of separated flow, the aerodynamic center of the wing-fuselage 
combinations was very near the quarter-chord point of the wing mean aero- 
dynamic chord. Since it was not considered desirable to use a more forward 
moment center for the computation of pitching-moment coefficient, the 
inflection lift coefficient was arbitrarily defined as the lift coefficient 
at which dCm/dCD = 0.10. The values of inflection lift coefficient so 
obtained correspond very closely to those that would exist if the moment 
center were at 0.15 E and Cu had its more conventional definition as 
the lift coefficient at which dCm/dCL = 0. * 

. I- 
. 
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approximately the same with both types of fences (fig. 22). Removing the 
rear portions of the fences (from 0.75 chord to the trailing edge) also 
resulted in only small changes in the effectiveness of the fences, at 
least.for the 40° combination at a Mach number of 0.417. The effects of 
the fences on the inflection Hft coefficients of the combinations are 
summarized in figure 22. 

!l!he fence development program indicated that the installation of 
several partial-chord fences (extending from 0.10 chord to the trailing 
edge) resulted in the largest improvements in stability without excessive 
drag penaltfes. For the 40' combination it was determined that partial- 
chord fences at 33, 50 70, and 85 percent of the semispan provided the 
best results; for the 25’ combination, partial-chord fences at 25, 45, 
65, and 85 percent were best; and for the 50° combination, partial-chord 
fences at 30, 55, snd 80 percent of the semispan were best. It is believed 
that these fence configurations, while possibly not the optimum for each 
combination, were at least representative of the most effective arrangement 
for improvement in the stability characteristics. 

Wing-Fuselage Combinations 

Effects of fences at low speed.- Each wing-fuselage combination with 
its best fences was tested at a Mach number of 0.155 and a Reynolds number 
of 8 million. The results are shown in ffgure 17: -The addition of fences 
increased the lIft snd reduced drag at high lift coefficients; however, at 
low LLft coefficients the fences increased drag moderately. 

Large improvements In stabflity resulted from the use of fences. For 
the 40° combination the inflection lift coefficient tithout fences was 
approximately 0.93; with fences a lift caefflcient of 1.34 was reached 
without any significant changes in stability. Sfmilar results were 
obtained with the 45O combination; the inflection lfft coefficient without 
fences was approximately 0.80, while wfth fences, a lift coefficient of 
1.24 was attained without instabilfty. The 50' combination was tested at 
low speed with both full-chord and partfal-chord fences since the flow 
studies of.reference 1 indicated the possibility of the leading-edge type 
of flow separation. Large improvements in inflection lift coefficient 
resulted from the use of either fence configuration. The addition of 
partial-chord fences increased the inflection lift coefficient from approx- 
imately 0.63 to approximately 1.08. 

Effects of fences at high speed.- The lfft characteristics of the 
various wTng-fuselage combinations Wth and without fences are shown In 
figure l8 for Mach nuuibers varying from 0.25 to 0.92 at a constant Reynolds 
number of 2 million. The addition of fences usually resulted in increased 
lift at moderately high angles of attack. The effect-of Mach number on 
the lift-curve slopes of the combfaatione with and tithout fences is shown 
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in figure 23. At the selected lift coefficient (0.40) the fences increased .- 1 
the lift-curve slopes of the kO" combination at Mach-numbers greater than 
0.80. The Ilft-curve slopes of the 45' and 50' combinations were increased 
'at all Mach numbers by the addition of fences. i 

The drag characteristics of the combinations with and without fences 
are shown in figure 19 for the range of ~.c.~_n~~e.~s_at..~~~ch the tests. 
were conducted. Use of the fence8 resulted in moderate increases in drag 
at low lift coefficients and appreciable reductions in drag at the higher 
lift coefficients. These effects of fences are also shown in figure 21 
which compares the lift-drag ratios of the configurations with and without 
fences at several Mach numbers, and In figure 24 which shows the effect of 
the fences on the variation of drag coefficient with Mach number for sev- 
eral constant lift coefficients. The Mach numbers for drag divergence of 
the combinations (defined as dCD/dM = 0.10) were increased slightly by 
the addition of fences; however, the corresponding drag coefficients were 
usually higher than those at the divergence Mach numbers of the combina- 
tions without fences (fig. 24). These values are shown for the various- 
wing-fuselage combinations in the following table: 

There is a possibility that at least part of the drag due to the fence8 at 
the lower lift caefficFent8 was due to the exposed flange used in mounting 
the fences. 

Figure 20 shows the effect of fences on the pitching-moment charac- 
teristics of the combinations at Mach numbers from 0.25 to 0.92. The 
effects of fences on the variations tith Mach number of the inflection 
lift coefficients and the slopes of the pitching-moment curves are shown 
in figures 22 and 23, respectiyely. -These data indicate that large changes .-. --..- -. .--.-. -.. 
fn longitudinal stabiuty with increasing lift coefficient were eliminated 
up to lift coefficients of at least 0.60 at practically aii Mach numbers. 
The largest-improvements in stabflity occurred at the lower Mach numbers. 
The degree of Improvement in stability due to fences generally decreased 
with increasing Mach number. The fences had only small effect on the 
variations of the slopes of the pitching-moment curves with Mach number of 
the 40' and 45' combinations at subcritical speeds. With further increase 
in Mach number there was an abrupt increase in the stability of the com- 
binations with fences. Fences eliminated the decrease fn stability with 
increasing Mach number indicated-for the 2g" combination tithout fences at 

..I 

. 

Y 
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Mach numbers below about 0.73. At the higher Mach numbers the effects of 
the fences were similar to those shown for the kO" and 45' combinations. 

Effects of Reynolds number.- The effect of increasIng Reynolds number 
from 2 million to 8 million at a Mach number of 0.25 is shown in figures 25 
through 27 for the wing-fuselage combinations with and without fences. The 
longitudinal characteristics of the coI&&IationB wilth fence8 were less 
affected by increases in Reynolds number than those for the combinations 
tithout fences. This effect is also evident in figure 22 which shows that 
an approximate doubling of Reynolds nmber at a Mach nu&er of 0.417 did 
not significantly affect the inflection lift coefffcient of the wing- 
fuselage combinations with fences. In comparison, inflection lIft coef- 
ficients for the combinations without fences were ticreased as much as 
25 percent by this increase in Reynolds number. 

An effort was made to simulate the effects of Reynolds number at 
higher speeds by applying Burface roughness at 0.10 chord on the upper 
surface8 of the wfngs (fig. 3), and the results are presented in figures 28 
through 30. Roughness did not effect any significant change in the effec- 
tive Reynolds numbers of the tests. The roughness resulted in increases 
in the pitching moments for low and moderate lift coefffcients. This may 
have been due to applying roughness to only the upper surfaces of the 
-8. A8 expected, drag was increased considerably by the roughness. 

Wing-Fuselage-Tail CkmMnations 

Effects of wing fences.- The effects of fences on the longitudinal 
characteristic8 of the wing-fuselage-tail CombfnatfOnB are shown In 
figurea 31 through 33 which compare for several test conditions the 
fence-on data of figures 38, 49, 50, and 51 with the data obtained without 
wing fences. This comparison shows that large changes in the stability of 
the wing-fuselage-tail combination were elfmfnated by the addition of 
fences up to U.ft coefficients of at least 0.80 at Mach numbers up to 0.80. 
The pitching-moment contribution of the horizontal tail was not changed 
significantly by the addition of the wing fences (fig. 34) which indicates 
that adding fences caused little or no change in either the average effec- 
tive downwash angle or the tail efficiency factor. The improvement8 in 
the tail-on pitching-moment characteristics due to the fences were prima- 
rily due to improvements of the longftudinal characteristics of the wing- 
fuselage combination. 

Figures 35 through 37 summar ize the longitudinal characteristics of 
the wing-fuselage-tail combinations with and without fences. The curves 
shown for the fence-on condition are cross plots of the data presented in 
figures 38, 49, 50, and 51. The variations with Mach number of the 
inflection l3f-t coefficients of the combinations are shown In figure 35. 
Figure 36 presents for a l%ft coefffcfent of O.&O the variations-with 
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Mach number of the lift-curve and pitching-moment-curve slopes, and . 
figure 37 shows for several lift COeffiCfentB the Variation of drag coef- 
ficient with Mach number. At SUbCritiCal Speeds, inflectfon lift coeffi- 
cients of at least 0.80 are shown forall the wing-fuselage-tail combina- 0 
tions tith fences. At supercritical speeds, the addition of the fences 
resulted in Increases of the lift-curve slopes and the stability. The 
effect of the fences on the drag characteristics was small. Drag at 
constant lift increased moderately as was expected; however, the drag- 
divergence Mach numbers were not significantly affected. 

Longitudinal characteristics of the tie combination with a horizontal 
tail.- Since the data in reference 1 indicate that the over-all charac- 
teristics of the wing with tie of sweepback were superior to the wings with 
45O or 50' of sweepback, a more extensive investigation was conducted with 
the tie combination than with the 45' or 50° combinations. The longitu- . 
dinal characteristics of the 40' combination with its beat fences were 
determined with the horizontal tail at-several angles of Incidence at each 
of several tail heights to establish the effectiveness of the tail as a 
longitudLna1 control for the configuration. -.- .-G 

The results of these tests are shown by the Uft, drag, and pitching- 
moment data in figures 38 through 41. These data show that the addition 
of a horizontal tail to the 40° combination had only small effect on the 
lift and drag characteristics of the combination at most Mach numbers and 
tail heights. However, the pitching-xment curves were more nearly linear _ 
with the tail on than tith the tail off, and the inflection lift coeffi- 
cients were usually higher with the tail on than with it off. 

B 
The tail contribution to stability can be expressed by the following ., _ 

equation: 

P 31 dcm = -&at 
dC 

t w+f 
=w+f C 

qt 
% q %1-E+, aa 

( > 
5-J 'It 9 1 

where the expreseioq_(dCm/dCL)t represents the variation of pitching- 
moment coefficient due to the tail with the rift coefficient of the wing- 
fuselage combinations. This parameter is related to the increment due to 
the tail in the Stability of the complete model by the expression: 

aw+f 
= %+-f+t 

The effective downwash angle E, the tail efficiency factor qt(q+./q), and 
the ratio of the isolated tail lift-curve slope to the Uft-curve slopes 

3 

of the wing-fuselage combinatizs _ at,/%+f= were computed by the method of 
I 

. . 
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reference 6 using the wing-fuselage force data presented in ffgures 38 
through 41 and the isolated tail force data presented in figure 42. The 
results are shown for several Mach numbers and tail heights in figure 43 
as functions of angle of attack. It was assumed for the computation of 
downwash angle and tail efficiency factor that the Mach number at the tail 
was the s8me as free-stream Mach number. The 3XBdtB Of these CalCUlatiOnB 
show that the hfgher inflection lift coefficients attained tith the tail 
on were mostly due to an increase in the factor at/aw+f tith increasing 
lift coefficient in a manner which tended to offset the reduction in sta- 
bility which occurred for the wing-fuselage combination. 'Ibis was gen- 
erally true at all &ch numbers. The variations tith Mach number of the 
isolated tail lift-curve slope, the tail control-effectTveness parameter 
&&it, and the various factors affecting the stability contribution of 
the tail are ahown in figures 44, 45, and 46, respectively. 

Effects of tail height.- The longitudinal characteristics of the 40° 
comblnatfon are shown for several tail heights in figures 38 through 41. 
The effects of tail height on the lift and pitching-moment characteristics 
of the 45O and 50° combination8 are shown in figures 47 and 48, respec- 
Mvely. Increasing the height of the horizontal tail from 0 b/2 to 
0.07 b/2 usually resulted in small reductions in the inflection lift coef- 
ficients of the various combinations. There were no significant effects 
on inflection lift coefficient wfth further increases (up to about 
0.20 b/2) in tafl height. At comparatively low lift coefficients, both 
longitudinal stabilfty and the lift coefficient for balance were fncreased 
slightly by ralaing the tail. These effects were probably due to fncreases 

z 
in tail efficiency factor qt(qJq) resulting from movfng the tail from 
the fuselage center Une to a posftion above the fuselage. The effects of 

. raising the tail of the &Jo combination on the factor8 affecting the sta- 
bility contribution of the tail are shown in figure 43. Msing the tafl 
resulted in increases in the rate of change of downwash with angle of 
attack; however, this dest&bilizing effect of increased tail height was 
more than compensated for by Fncreaees in tafl-efffciency factor qt(qdq). 
F'igure 45, which Show8 the tail control-effectiveness factor wit as 
a function of Mach nu&er, indicates at a Mach number of 0.80 and an angle 
of attack of 4O about a 33 percent increase in control effectiveness 
result- from an lncrease in tail height of 0.20 b/2. 

Iongitudinal characteristics of the 45O and 50' combinations with a 
horizontal tail.- The longitudinal CharaCtWiBtiCB of the 450 and 500 
combinations with the best fences and a horizontal tail are presented in 
figures 49 through 51. A comparison of these data wfth the tail-off data 
(figs, 18 through 20) shows that the horizontal tail had about the same 
effect on the 45O and 50° combfnationa as on the 40° combination. The 
addition of the horizontal tail had only small effect on the lift and drag 
characteristics of the combfnatfons at most Mach numbers. The pitching- 
moment curves were more nearly linear with the tail on than with the tail 
off, and the inflection lift coefficients were ueually higher with the tail 
on than off. =gures 35 -wi$ 37 aummarfze the results of the tail-on 

\ 
test8 On these Conibinations. 
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CONC!IDSIONS 

A wind-tunnel fnvestigation has been made of three-wing-fuselage 
combinations, tith and without a horizontal tail, having sweptback wings 
with NACA four-digit thickness distributions. Tests were conducted with 
the wings swept back 40'; 45O, and 50°. The following conclusions were 
indicated: 

1. The addition of multiple wing fences to the wing-fuselage and 
wing-fuselage-tail combinations eLLminated large changes in longitudfnal 
stabflity up to lift coefficients in excess of 1.0 at low speeds, an 
improvement of as much as 80 percent over the values with the fences off. 
At high subqritical speeds, the addition of fences eliminated large change8 
in the stability of the ting-fuselage&ail combinations up to lift coef- 
ficients of at least 0.80, an improvement of as much as 60 percent over 
the lift coefficients for inStabilIty without fences. 

2. The fences had little effect on the tail contribution to 
stability. 

3* Adding fences to the wing8 increased the drag of the combinatfone 
moderately at low lift coefficients, but reduced the drag and increased 
the lift-drag ratios at the higher lift coefficients. 

4. The Mach numbers for drag divergence of the COmbinatiOnB were 
inCreaSed elightly by the addition of fences; however, the corresponding 
drag coefficients were higher than those at the dfvergence Mach numbers 
of the combinations without fences. 

I 

5. Increasing the height of the horizontal tail as much as 20 percent 
of the wing semispan above the fuselage center line had only small effect 
on the tail contribut3on to stab$lity. 7.x 

---- .- 
6. The all-movable horizontal tail had nearly constant control . 

effectiveness throughout the lift range at most Mach number8 and its 
effectiveness at a IAft coeffic%ent of-about 0.40 was not significantly 
affected by increasing Mach number. 

IT= Increasing the height of the all-movable horizontal tail of the 
ti* combination from the fuselage center line to about 20 percent of the 
wing semispan above the fuselage center line increased its effectiveness 
as a longitudinal control as much as 33 percent at low values of lift. 

Ames Aeronautical Iaboratory 
National Advisory Committee for Aeronautic8 

Moffett Field, Calif., Dec. 8, 1954 
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TABLE I.- F'USELAGE 
1 Mstance from 

nose, in. 
0 

1.27 
2.54 
5.@ 

10.16 
20.31 

g-2 
5o:OO 
60.00 

qEl 
&&oc& 

94:oo 
100.00 . 

:OORDINATES 
Radius, 

in. 
0 

1.04 
1.57 
2.35 
3.36 
4.44 
4.90 
5.00 
5.00 

;:; 

4183 
4.61 
4.27 
3.77 
3.03 

NACA RM A54lO8 



Sweep axis and e/4 

See table I for 

Notes: 
( I) Wing sections perpendicular to the sweep axis have 

NACA OOXX thickness distributions combined with 
an NACA a = 0.8 (modified) mean line, cli - 0.4. 

(2) Horizontal tail sections perpendicular to the sweep 
axis have NAGA 0010 thickness distributions. 

(3) All dimensions in inches and areas in square feet. 

FigWe 

(a) Dimensions 

1 l - mometry of the model. 
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Figure l.- Concluded. 
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BQIDX 2.- The spanwise locaticms and t&e cmise extent of the wing fences. 



(a) l4odel m0un-tea in tunnel. 
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(b) Roughness at 0.10 chord. 

wP= 3*- Photographs of the model. 
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M = 0.417; R P 4,300,OQO. 



.8 

.6 

CL 
.4 

0 Fences ot 9 = 0.30,.55,.80 7 

.2 

0 .02 .04 .06 .08 .I0 .I2 cm 
% 
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(a) A = 40* 

Figure 17.- The effect of fences at low speed on the longltudlnal characteristics of the wing- 
fuselage combinations; M = 0.165; R P 8,ooO,000. 
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Figure 22.- The variation with Mach number of the inflection lift coef- 
ficfents of the wing-fuselage combinations with and without wing 
fences. 
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Figure 43.- The factors affecting the stability contribution of the 
horizontal tail &t several tail heights on the 40' combination. 
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Figure 44.- The varlation with Mach ntmiber of the lift-curve slope of the 
isolated horizontal tail; ojt = ho; R = 2,000,OOO. 
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Figure 45.- The variation with Mach number of the control-effectiveness 
of the horizontal tail at several tail heights on the &Cl0 combination; 
a = 40; R = 2,000,OOO. 
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Figure 46.- The variation with Mach number o? the factore affecting the 
stability contribution of the horizontal tail at sev&al tail heights 
on the 40' combination; a = ho; R = 2,000,OOO. 
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(a) A = 45’ 

Figure 47.- The effect of tall height on the lift characteristics of the 45’ and 50’ comblmtions 
with fences; It = -8’. 
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Fkigure 48.- The effect of tailheQ$t on the pitching-moment characteristics of the 45' and 50' 
combinations with fences; it = -8'. 
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Figure 49.- The lift che.ract&.stlcs of the kj” and 50’ combinations with fencee and a horizontal 
tail; tail height = 0 b/2; it = -8’. 
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Flpre 50. - Tne drag characterlstice of the 45’ end 50’ combinations with fences and B horizontal 
tail; tail height = 0 b/2; it = -8”. 
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Figure 50.- Concluded. 
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Plgure 51.- The pitching-moment characteristics of the 45’ and 50’ combinations tith fences and a 
horleontal tall; tail height = 0 b/2; it E: -8’. 
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